ABSTRACT: Consecutive receiving studies were used to evaluate the replacement of starch (dry rolled corn; DRC) with a nonforage fiber source (soybean hulls; SBH) on performance, mineral, and blood metabolite status of newly arrived feedlot steer calves. Steers in yr 1 (Y1; 9 pens/diet, 8 to 10 animals/pen) and yr 2 (Y2; 6 pens/diet, 9 to 10 animals/pen) were blocked by weaning management, and then stratified by BW and randomly assigned to pens. Pens were randomly assigned to an oat silage-based diet containing starch (HS) from DRC or digestible fiber (HF) from SBH. Diets were formulated for 12% CP (DM basis) and to meet or exceed NRC (1996) nutrient requirements for Ca, P, and vitamins A and E. Mineral status was assessed in Y1 only via liver biopsies and serum samples collected on d 3 and 28. Mineral concentrations on d 28 were compared using d 3 concentrations as a covariate. Glucose, NEFA, and plasma urea N status were assessed in Y2 only via blood collections on d 0, 3, 7, 14, 28, and 59. Morbidity (<10%) and mortality rates were not different (P > 0.10) between treatments across years. Daily BW gain was similar (P > 0.10) between treatments both during the receiving period and cumulatively across years. Overall, feed intake was greater (P = 0.007) for steers fed HF compared with steers fed HS in Y1, but was not different in Y2 (P = 0.13). Steers consuming the HS diet tended (P = 0.07) to have better BW gain efficiency in Y1 only. Across years, BW gain efficiency and ADG were similar between treatments (P > 0.10), although DMI was greater for steers fed HF (P = 0.003). Based on 2 yr of performance, the calculated ME content of SBH was estimated at 92.5% of the ME value of DRC (2.74 vs. 2.96 Mcal/kg, respectively). Mineral concentrations on d 28 were similar (P > 0.10) for most minerals assayed. There was a steeper (P = 0.005) decline in hepatic Cu concentrations early in the feeding period for steers fed HF, resulting in decreased (P = 0.001) d 28 hepatic concentrations. Hepatic Mn was greater (P = 0.003) in steers fed HF on d 28 as a result of greater (P = 0.006) Mn accumulation during the initial 28 d on feed. Blood metabolites in Y2 (using d 0 values as a covariate) were similar (P > 0.10) across treatments, except for reduced (P = 0.025) plasma urea N concentrations on d 7 and greater (P = 0.050) NEFA concentrations on d 28 for steers fed HS. These studies indicate that the use of SBH in receiving diets can support BW gain similar to the use of DRC.
INTRODUCTION
The use of soybean hulls (SBH), a coproduct of the soybean processing industry, has become a popular alternative to feeding grains with high-forage diets. Several studies (Hibberd et al., 1986; Anderson et al., 1988; Grigsby et al., 1992; Garcés-Yépez et al., 1997) have illustrated that the negative associative effects on fiber digestibility associated with starch-based grains are not prominent when SBH are included in forage-based diets. Allison et al. (1996) fed growing calves increasing amounts of SBH in high-fiber diets and observed a linear increase in daily BW gains as the quantity of SBH increased. Johnson et al. (1962) reported similar BW gain responses in feedlot heifers fed either soybran flakes (commercially marketed SBH) or corn, indicating comparable energy content for soybran flakes and corn. However, a feedlot finishing study conducted by Ludden et al. (1995) showed reductions in BW gain performance as increasing quantities of SBH replaced cracked corn.
Assessing the use of alternative feeds in stressed cattle must go beyond just macronutrients to include micronutrients. The NRC (1996) states that mineral requirements are not different between stressed and nonstressed cattle; however, intake is usually reduced in stressed cattle, and dietary concentrations must be increased to offset potential deficiencies. This is especially true in regard to Cu and Zn, which seem to be important in maintaining and enhancing the immune system (Chandra and Dayton, 1982; Chirase et al., 1991) . Currently, there are limited data evaluating the effects of SBH on the mineral status of cattle.
From past data, we hypothesized that the use of SBH in fiber-based feedlot receiving diets would produce daily BW gains similar to those of dry rolled corn (DRC) and would reduce potential digestive upsets and subsequent morbidity rates. The current study was designed to evaluate the potential replacement of corn with SBH in feedlot receiving diets based on BW gain performance, health, mineral status, and various blood metabolites.
MATERIALS AND METHODS
Cattle used in both years were of similar origin and breed composition. All experiments were approved by the South Dakota State University Animal Care and Use committee.
Year 1
In yr 1 (Y1), 155 Angus steer calves (approximately 7 mo of age) were purchased and shipped 580 km from a single ranch in western South Dakota. Upon feedlot arrival, calves had free-choice access to water and long-stem grass hay, which was provided until delivery of the treatment diets (approximately 24 h). Calves were individually weighed, ear-tagged, and vaccinated against viral antigens (infectious bovine rhinotracheitis, parainfluenza-3, bovine respiratory syncytial virus, Histophilus somni; Resvac 4/Somubac, Pfizer Animal Health, Exton, PA), clostridial organisms (Ultrabac 7, Pfizer Animal Health), and internal and external parasites (Dectomax, Pfizer Animal Health) the day after arrival. Calves were identified by ranch weaning management [truck weaned (TW) or previously weaned (PW)] and blocked accordingly. Truck-weaned (n = 92; BW = 264 ± 2.4 kg) calves were offspring of dams 4 yr and older and weaned the day of shipment, whereas previously weaned (PW; n = 63; BW = 265 ± 2.4 kg) calves were offspring of dams 3 yr and younger and were weaned approximately 30 d before shipment. Calves were stratified by BW and randomly assigned to pens within weaning group. Pens (TW = 5 pens/diet; PW = 4 pens/diet; 8 to 10 animals/pen) were then assigned to dietary treatment.
Dietary treatments (Table 1) were based on oat silage and were designed to provide most of the dietary ME via starch (HS) or nonforage fiber (HF). Starch was provided using DRC, and nonforage fiber was provided using SBH. Rolled corn and SBH were incorporated at similar amounts between diets. The remaining dietary ingredients were supplemented to the diets as dry pellets. Diets were formulated to be isonitrogenous and to meet or exceed NRC (1996) nutrient requirements for 250-kg growing steers. Feed bunks were managed according to the clean-bunk system described by Pritchard (2002) . Calves were fed once daily (1300 h), and feed refusals were quantified if feed went out of condition. All calves received a Ralgro Magnum (Schering-Plough, Union, NJ) implant on d 8. Calves received their respective treatment diets from November through mid-January, and were exposed to a mean daily temperature of −4.4°C (range of −14.4 to 9.4°C; 13.4 cm total precipitation).
Feed ingredients were individually sampled from their bulk storage areas once per week and assayed for DM, CP, and ash (AOAC, 2000) and for NDF and ADF (Goering and Van Soest, 1970) . Weekly feed samples were analyzed for Ca, K, Mg, Na, P, S, Cu, Zn, Fe, and Mn using AOAC (2000) methods; for Mo via flame atomic absorption (Emerick, 1987) ; and for Se via the fluorometric method (AOAC, 2000) . Table 2 provides a summary of the mineral profile of each diet over the 74-d feeding period; water was not tested for mineral content. Nutrient and DMI were calculated using weekly feed analyses and daily feed batching and delivery data. Period BW gain performance was calculated using d 8, 28, 57, and 74 nonshrunk BW and weekly DMI data. Cumulative BW gain performance was determined using d 74 BW adjusted for a 4% shrink. Steer health was monitored daily with treatment practices complying with approved health protocols.
Assessment of Mineral Status
Three steers were randomly selected from each pen to be used as sampling units in the study. Liver and serum samples were collected on d 3 and 28, and hair samples were collected on d 3. Liver biopsies were performed as described by Smith (1996) using a JorVet Soft Tissue Biopsy needle (Jorgensen Laboratories Inc., Loveland, CO). The needle was inserted through an incision made at the junction of the 11th intercostal space and mid-paralumbar fossa on the right side of the steer. Approximately 1 g of hepatic tissue was excised and stored at −20°C until analysis. Blood samples (5 mL) were obtained via jugular venipuncture and collected in glass nonadditive sterile evacuated tubes (Vacutainer, Becton Dickinson, Franklin Lakes, NJ). Blood samples were allowed to clot for at least 18 h at 4°C and were then centrifuged for 30 min at 2,000 × g at 4°C. Serum was stored at −20°C until analysis. Hair samples were collected to evaluate any recent changes in mineral status before feedlot arrival. Hair samples were collected from the incision site of the liver biopsies during skin preparation. These samples were rinsed in tap water and then with a mild detergent, followed by a double tap water rinse and a double-distilled water rinse, and stored at −20°C until analysis.
Hepatic tissue samples were sent to a commercial laboratory (Michigan State University Diagnostic Center for Population and Animal Health, Lansing, MI) for analysis of Cu, Zn, Mo, S, Fe, Na, K, Ca, P, Mg, and Mn using inductively coupled plasma-atomic emission spectroscopy (Braselton et al., 1997) . Hepatic tissue analysis was conducted and reported on a dry weight basis. Serum samples were assayed for Se via the fluorometric method (AOAC, 2000) . Hair samples were analyzed for Cu and Zn via flame atomic absorption (AOAC, 2000) and for Se via the fluorometric method (AOAC, 2000) . The HS and HF values (DM basis) are compiled from individual weekly feed samples over the 74-d feeding period in yr 1 (n = 11 sampling periods/diet).
3 NS = P > 0.10.
Year 2
In yr 2 (Y2), 116 Angus steer calves (approximately 7 mo of age) from the same ranch were received and processed in a similar manner as in Y1. Again, calves were initially blocked by ranch weaning management (TW: n = 76, BW = 273 ± 1.8 kg; PW: n = 40, BW = 251 ± 3.1 kg), and then stratified by BW and randomly assigned to pens within weaning group. Pens (TW = 4 pens/diet; PW = 2 pens/diet; 9 to 10 animals/pen) were then assigned to dietary treatments. Calves received their respective treatment diets from November through mid-January, and were exposed to a mean daily temperature of 0°C (range of −7.2 to 7.2°C; 9.4 cm total precipitation).
Dietary formulations were similar to those in Y1 (Table 1), with oat silage constituting a smaller percentage of the total DM. Feed analysis and daily feed and health practices were similar to those in Y1. Period BW gain performance was calculated using d 28, 59, and 70 nonshrunk BW and weekly DMI data. Cumulative BW gain performance was determined using d 70 BW adjusted for a 4% shrink. No implants were administered during the feeding period.
Blood Metabolites
Blood was collected from the second, fifth, and seventh heaviest steers in each pen (n = 18 animals/treatment). Samples were collected before feeding on d 0, 3, 7, 14, 28, and 59. During each collection period, 2 blood samples were collected via jugular venipuncture. One sample was collected into nonadditive evacuated tubes (Vacutainer, Becton Dickinson), allowed to clot for 18 h at 4°C, and then centrifuged at 2,000 × g for 30 min at 4°C. The second blood sample was collected into K 3 EDTA evacuated tubes (Vacutainer, Becton Dickinson) and centrifuged at 2,000 × g for 30 min at 4°C immediately after collection. The resulting serum and plasma were stored at −20°C until analysis. Serum samples were analyzed for NEFA via colorimetric analysis using the acyl-CoA synthetase-acyl-CoA oxidase method (NEFA-C, Wako Industries, Richmond, VA; intra-and interassay CV of 4.3 and 16.5%, respectively) and for glucose concentrations via colorimetric analysis using the hexokinase method (catalog No. 115A, Sigma Diagnostics, St. Louis, MO; intra-and interassay CV of 2.4 and 4.3%, respectively). Plasma samples were analyzed for plasma urea N concentration via colorimetric analysis using the urease method (intra-and interassay CV of 2.2 and 6.5%, respectively) described by Fawcett and Scott (1960) .
NE Determination
Body weight gain performance and DMI from both years were used to estimate the NE m and NE g for both SBH and DRC, using the iterative model described by Owens et al. (2002) . Calculations were based on final BW adjusted for a 4% shrink and included performance data after d 28 only. Calculating NE using the latter portion of the feeding period reflected BW gain performance and intake of the calves on full feed. Initial calculations were adjusted to produce a DRC ME value similar to the NRC (1996) value for DRC. Net energy for maintenance values were corrected to produce similar DRC ME values across years. This maintenance correction was used to estimate the difference in maintenance requirements of steers between years.
Statistical Analysis
Body weight gain performance and NE data were analyzed as a randomized complete block design with a 2 × 2 arrangement of diet and year (main effects), using weaning management as the blocking factor (Cochran and Cox, 1992) . Mineral data in Y1 were analyzed as a randomized complete block design with diet as the main effect, weaning management as the blocking factor, and d 3 mineral concentrations as the covariate (Cochran and Cox, 1992) . In both models, pen was considered the experimental unit and pen replicate within diet × weaning management was the error term. Repeated measures analyses were conducted on glucose, NEFA, and PUN concentrations in Y2 using diet as the fixed effect, d 0 concentrations as the covariate, pen replicate within diet × weaning management as the error term, and pen as the experimental unit. The MIXED procedures (SAS Inst. Inc., Cary, NC) were used to evaluate all models, and mean differences with an α-level greater than 0.10 were considered nonsignificant.
RESULTS AND DISCUSSION

Feedlot Performance
During the first 28 d in Y1 (means presented in Table  3 ), the steers fed HF had greater ADG than those fed HS (P = 0.033), but the BW gain advantage diminished, resulting in similar cumulative BW gains (P = 0.24). The early ADG advantages observed with steers fed HF may have been partially the result of differences in gut fill, which were not accounted for in the weighing procedures. The bulk density of SBH is approximately 0.37 g/cm 3 , whereas the bulk density of DRC is between 0.59 and 0.72 g/cm 3 (Letsche et al., 2009 ); therefore, similar consumption rates (kg/d) of SBH can lead to greater gut fill compared with DRC. Dry matter intake was greater (P < 0.001) for steers fed HF compared with those fed HS throughout the feeding period. Using NRC (1996) tabular values for feeds, ME intake (MEI) calculated based on BW gain was similar (P = 0.16) between treatments early in the feeding period but cumulatively was greater (P = 0.015) for steers fed HF. The greater DMI and MEI values of steers fed HF indicate that any negative effects of SBH bulk density were minor or biologically irrelevant when feeding SBH in Y1. Cumulatively, steers fed HS tended (P = 0.07) to have greater BW gain efficiency. Morbidity rates were 6.5% and were not different (P > 0.10) across treatments. Steers identified as morbid were not statistically related to diet or weaning management and were retained in the data set for all performance calculations.
Steers fed the HF diet in Y2 tended to have greater DMI (P = 0.07) and MEI (P = 0.10) during the initial 28 d on feed, but cumulatively were not different (P > 0.10) from steers fed HS (means presented in Table  3 ). Contrary to Y1, neither dietary treatment proved advantageous for ADG and BW gain efficiency early in the feeding period or cumulatively (P > 0.10). There were no mortalities and no steers were identified as morbid during the feeding period within either treatment in Y2.
Across years (Table 3) , neither diet provided a BW gain advantage or improved BW gain efficiency (P > 0.10) under the described receiving conditions. Year did affect cumulative ADG (greater in Y2) and BW gain efficiencies during both the initial 28 d and cumulatively. On average, calves in Y2 had a 13.9% greater ADG (P < 0.001) and were 16.3% more efficient (P < 0.001) in BW gain compared with calves in Y1. This would also indicate that any implant effects in Y1 were offset by other variables, potentially environmental differences, compared with Y2. Cumulative DMI was greater for steers consuming the HF diet compared with the HS diet (P = 0.003), but year was not a factor (P = 0.13). The effect of year on ADG and G:F may be a result of abnormal temperature deviations between years. During both years, the trial period was November through mid-January, with mean temperatures similar to the historic mean temperatures of the region in Y1 and 5.5 to 6.0°C above the historic mean temperatures in Y2. The differences in mean temperatures between years may have resulted in greater maintenance energy requirements by steers to maintain core body temperatures in Y1; thus, less dietary energy would be available for growth (NRC, 1981) . These temperature differences are further discussed in relation to NE determination of the diets.
The decreased morbidity (6.5 and 0% in Y1 and Y2, respectively) and mortality (0% in both years) rates observed were not indicative of highly stressed calves. In comparison, Roeber et al. (2001) reported morbidity rates of 34.7 to 36.7% for prevaccinated feeder calves, and nationally, USDA-APHIS (2000) reported mortality rates in the range of 0.9 to 1.3%. The ranch of origin is known for its astute attention to details regarding year-round nutrition and vaccination programs, and day-to-day management. The combination of the preweaning management, low-stress handling before and after feedlot arrival, and steer origin from a single source were likely major factors in the low morbidity and mortality rates observed in both years. Unfortunately, these positive management attributes may have diminished the comparative effects of the treatment diets on feedlot performance, mineral assessment, and blood metabolite profiles. Table 2 indicates subtle differences between diets for most of the assayed minerals. Although CuSO 4 and ZnSO 4 were supplemented to the diets to achieve the desired dietary Cu and Zn (Table 1) , the assayed values indicated inadequate supplementation (especially for Zn). The reasoning for the discrepancy between formulated and actual Cu and Zn concentrations is not clear, but the discrepancy may be the result of dif- 1 Y1 = yr 1 (n = 9 pens/diet); Y2 = yr 2 (n = 6 pens/diet); HS = oat silage-based diet containing DRC; HF = oat silage-based diet containing SBH.
Mineral Analysis
2 NS = P > 0.10. 3 BW for steers on the HS and HF diets were obtained within 12 h of feedlot arrival, before receiving dietary treatments. 4 Final BW were shrunk 4%. 5 MEI = ME intake. Calculated as DMI multiplied by estimated ME content (NRC, 1996) of the diet. 6 Y1 = 74 d on feed; Y2 = 70 d on feed. Final BW were shrunk 4%.
ficulties in obtaining a proper feed sample because of differences in particle density and sizes. Hepatic and serum mineral analyses indicated relatively minor differences in the mineral status of steers after the initial 28 d on feed (Table 4) . On the basis of hepatic tissue analysis, steers fed HF had reduced (P < 0.001) Cu concentrations compared with those fed HS on d 28. Hepatic Cu concentrations on d 3 were similar (P = 0.71) across treatments (89.7 and 86.1 mg/kg of DM for steers fed HS and HF, respectively), indicating the HF diet resulted in a negative (P < 0.001) Cu accumulation (+3.8 vs. −18.2 mg/kg of DM for steers fed HS and HF, respectively) during the 28-d receiving period. These differences may be the result of 1) potential differences in Cu bioavailability that have been noted between grasses, legumes, and oilseed meals (NRC, 2005) , but which were not determined in the current study; 2) the use of CuSO 4 (0.006% CuSO 4 , DM basis) in the HS diets to equalize dietary Cu concentrations; 3) a potentially lower rumen pH in the steers fed HS, which may have reduced rumen ciliate protozoa populations, resulting in less dietary Cu bound to sulfides during protozoan metabolism of S-containing AA (Ivan et al., 1986) , thus increasing overall rumen Cu availability; 4) greater (P = 0.007) dietary Fe concentrations in the HF diet, which may have interfered with Cu absorption, even though the assayed concentration of Fe was less than previously cited concentrations (Humphries et al., 1983; Gengelbach et al., 1994) known to interfere with Cu accumulation; or 5) a combination of these factors. Hepatic Mo was greater (P = 0.034) in steers fed HF on d 28 (3.06 vs. 3.21 mg/kg of DM for steers fed HS and HF, respectively), with steers fed HS showing greater (P = 0.044) depletion rates (−0.22 vs. −0.07 mg/kg of DM for steers fed HS and HF, respectively) during the initial 28 d on feed. The greater Mo concentrations in steers fed HF may correlate with the reduced observed Cu concentrations, but dietary Mo (Table 2) was considered in the low range in regard to Cu antagonistic effects (NRC, 2005) . Hepatic Mn was greater (P = 0.003) in steers fed HF on d 28, although the difference (7.28 vs. 8.29 mg/kg of DM for steers fed HS and HF, respectively) would have little biological relevance. Hepatic Mn increased (P = 0.005) to a greater extent over the initial 28 d of feeding in steers fed HF (+1.49 mg/kg of DM) compared with those fed HS (+0.48 mg/ kg of DM), but this may be due in part to the HF diet containing greater (P = 0.029) concentrations of Mn in Y1 (30.3 vs. 42.8 mg/kg of DM for the HS and HF diets, respectively). These data would indicate that when balancing diets using SBH, particular attention should be focused on the Cu status of calves, and Cu supplementation may be required. Mineral analyses of hair samples (data not shown) for Cu, Zn, and Se were used to determine historical concentrations of these elements. Although this method as an indicator of mineral status is inconsistent and oftentimes unreliable, hair concentrations of Cu, Zn, and Se were greater than concentrations thought to represent deficiencies (Combs et al., 1982) . No differences (P > 0.10) were observed for the 3 elements between dietary treatments.
Blood Metabolite Data
Serum glucose concentrations ( Figure 1) were similar between treatments (P > 0.10) during the initial 28 d on feed. Although glucose concentrations between HS and HF values (DM basis) are averages across pens (n = 9 pens/diet), based on sampling 3 steers/pen. Pen was the experimental unit. treatments were not different at any collection period, the steers fed HS showed a greater (P = 0.030) increase in serum glucose concentrations from d 14 to 28 compared with those fed HF. The similar serum glucose concentrations before d 14 would suggest that both diets were providing similar amounts of glucose precursors, but after d 14, rumen adaptation to increasing starch may have resulted in increased concentrations of glucogenic precursors or increased MP to the small intestine of steers fed HS. Serum glucose concentrations were not different (P > 0.10) from d 14 to d28 or 59 for the steers fed HF, indicating that the diet was not providing additional glucogenic precursors or that the use of glycogen stores was minimal after realimentation. The increase in serum glucose from d 0 to 3 may have resulted from suppressed microbial fermentation activity induced by fasting and transit Hutcheson, 1981, 1985) . The reduction in microbial fermentation activity could have resulted in increased undegradable intake protein and starch to the small intestine, thus increasing the amount of glucogenic precursors available and increasing intestinal glucose absorption.
Nonesterified fatty acid concentrations did not differ because of diet (P > 0.10) through the first 14 d on feed (Figure 1 ). Increased NEFA concentrations suggest that all calves responded to the fasting situation imposed by the transport and reduced caloric intake during the first 1.5 d after arrival. The increased NEFA concentrations early in the feeding period suggest that the steers were in a negative energy balance and potentially shifting away from glycogenolysis, resulting in mobilization of adipose tissue to meet maintenance requirements. The decreased NEFA concentrations on d 7 (0.101 vs. 0.100 mmol/L for HS and HF, respectively) may be the result of 1) increased energy balance, resulting in a dramatic reduction in fat mobilization; 2) a greater NEFA clearance rate vs. rate of fat mobilization; 3) a metabolic shift back to increased glycogenolysis; or 4) a combination of all 3. Both treatments elicited a similar pattern, with NEFA concentrations peaking on d 28 and then declining through d 60. The NEFA concentrations on d 28 were greater for the HS diet compared with the HF diet (0.289 vs. 0.218 mmol/L, respectively; P < 0.05), but the reason for the difference is unknown.
Steers consuming the HS diet had decreased PUN concentrations (7.86 vs. 9.87 mg/dL; P = 0.025) on d 7, and these did not differ by d 28 (P = 0.27; Figure 1 ). The consumption of the HF diet resulted in more constant PUN concentrations throughout the study. The differences in PUN concentrations on d 7 may have resulted from increased N liberation from soybean protein compared with zein protein in reduced-concentrate diets (Loerch et al., 1983) . The increase in PUN concentration from d 7 to 28 (7.9 vs. 9.3 mg/dL; P = 0.049) for the steers fed HS may have resulted from increased microbial growth and turnover (Baldwin and Allison, 1983) , which would have resulted in increased MP reaching the small intestine. Increased MP would also support the increase in glucose concentrations observed during the same period (Figure 1 ). Compared with previous research (Byers and Moxon, 1980; Garcés-Yépez et al., 1997) , most PUN concentrations were within normal ranges (10 to 15 mg/dL) for growing cattle.
NE Determination
Calculated NE values are shown in Table 5 . During Y1, the ME value of SBH was 86% (P < 0.001) of the ME value of DRC, whereas in Y2, the energy densi- ties of both ingredients were similar (P = 0.40). When calculating the average ME difference between DRC and SBH across years, an adjustment was made to the maintenance factor of the steers in Y1 to equate the dietary ME of the DRC in Y1 to that in Y2. A 40% increase in maintenance was required to bring the 2 DRC diets into equilibrium for ME, which was then applied to the ME calculations of SBH. The differences in DRC ME values between the 2 yr may primarily be a result of cold stress. In Y1, the temperatures were abnormally low, with abundant precipitation, whereas in Y2, the temperatures were abnormally high, with moderate precipitation. Data compiled by the NRC (1981) indicate that NE m requirements increase as cattle are exposed to temperatures below their acclimated thermal neutral zone. At cold temperatures (<0°C), the amount of energy required to maintain thermal homeostasis can be substantial (>20% increase in NE m requirements). That effect would have applied equally across diets. Compiled data (Westra and Christopherson, 1976; NRC, 1981; Young, 1986) have also shown that cold temperatures increase reticulorumen and gut motility, which can increase DMI, depress DM digestibility, or both. If the increase in reticulorumen motility during cold temperatures resulted in an increased passage rate, there would likely be a greater effect on digestion of SBH than on that of DRC (Owens and Goetsch, 1993) . The absence of implants in Y2 may have improved the ME efficiency for maintenance compared with implanted calves in Y1, but those effects are generally minor (Lemieux et al., 1988; Solís et al., 1989) . The combination of all these factors may have resulted in the large differences in calculated ME, NE m , and NE g between the 2 yr. Overall, SBH seemed to have approximately 92.5% of the ME value of DRC in oat silage-based receiving diets.
In conclusion, the observations from 2 yr of feedlot receiving studies support the use of SBH as a potential replacement for DRC in oat silage-based diets. Determination of SBH use would be primarily based on cost per unit of feedstuff and associated storage requirements resulting from the additional amounts needed to match cattle performance from DRC. 1 Y1 = yr 1 (n = 9 pens/diet); Y2 = yr 2 (n = 6 pens/diet). Pen was the experimental unit. 2 DRC and SBH values represent energy determination of individual test ingredients. 3 NS = P > 0.10. 4 Diet refers to comparison of test ingredients (DRC and SBH) only, not complete diets. 5 Calculated from equations described by Owens et al. (2002) . 6 NRC (1996) equation (NE m = 1.37ME − 0.138ME 2 + 0.0105ME 3 − 1.12).
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